IntrODuCtIOn
There is increasing interest in the internal and external validity of clinical studies, as indicated, for example, by their risk of bias 1 2 or their reporting quality. 3 Two aspects that only recently came into the focus, but have an impact on the validity are (1) outcome and (2) comparator choice.
So far, most clinical researchers chose the outcomes based on their understanding of what was relevant or not; the involvement of further stakeholders into outcome choice was seldom considered. This impacts on the relevance of study findings and may limit their applicability. Also, researchers usually collected a range of outcomes, without necessarily reporting all of them later on (selective reporting); mainly as data on outcomes with unwanted findings (which may nevertheless be relevant) can be omitted. The chosen outcomes and outcome measures may further suffer from limited comparability across studies, decreasing the chance to make the best use of clinical studies by synthesising them. Outcome choice is thus relevant for study validity, applicability and relevance, and implementation into practice. [4] [5] [6] Comparator choice impacts on the overall usefulness and validity of evidence. 7 Again, usually, most clinical researchers choose the comparators themselves, without necessarily consulting patients or further stakeholders such as insurers, regulators, etc. Comparators relevant to patients, for example, may hence not be evaluated, while other comparators may be overproportionally employed. [8] [9] [10] The resulting gaps in the evidence may mean important data on possibly useful comparators are unavailable. Also, comparisons against placebo or no intervention (in single-arm studies) or less effective options (so-called straw men) can lead to overestimation of effectiveness. [9] [10] [11] Repeated chain-linked comparisons against less-than-optimal standards were found to significantly distort the totality of evidence. [9] [10] [11] Comparator choice is relevant to make clinical research in a specific field useable, applicable and informative.
The present study assessed outcome and comparator choice in intervention studies on molar incisor hypomineralisation (MIH), a highly prevalent dental developmental disorder with a significant burden for patients and high treatment needs. 12 MIH is characterised by demarcated creamy-white, yellowish-brown or brown lesions with or without posteruptive enamel breakdown and hypersensitivity, affecting the permanent molars with or without additional affection of the incisors. [13] [14] [15] The severity of the lesions, the symptomatology of the affected tooth as well as the patient's dental age, caries risk and expectations need to be considered in the management of MIH. 15 Dentists often need to employ different treatment strategies when dealing with MIH patients, including restoring cavities, alleviating pain or improving aesthetics. 16 17 Given the broad spectrum of clinical presentations, individual needs and available treatment modalities, managing MIH is challenging for most practitioners. [13] [14] [15] Assessing the outcome and comparator choice in MIH intervention studies seems warranted. Such an assessment is further useful to inform the development of a core outcome set (COS) for MIH management and prevention studies. COS are a minimum set of outcomes that have been agreed in a systematic consensus process by a diverse group of stakeholders (patients, dentists, Uni. H N of part, number of participants; P cal, power calculation; Pro Co, prospective cohort; RCT, randomised controlled trial; Retro Co, retrospective cohort; Trial reg, trial registration; Uni. H, University hospital; n, no;n/a, not available; y, yes. Table 1 Continued researchers, insurance companies, etc). COS overcome the problem of a possibly limited relevance of chosen outcomes, the risk of selective reporting and the lack of synthesisability of study findings. 18 A range of COS development initiatives is currently underway in dentistry. [19] [20] [21] [22] [23] We aimed to review the outcomes used in MIH intervention studies to inform the development of a COS on MIH. We further aimed to assess the comparators used in these studies and to analyse the resulting study network. This was done using social network analysis (SNA), a method for evaluating the relationships between factors in a network, 8 which has been introduced to dentistry recently. 24 As secondary aim, we evaluated if studies clearly indicated their primary outcome, if studies used a sample size estimation based on this outcome and if studies were registered a priori, as should be expected.
MEthODS
This review was registered on the Core Outcome Measures in Effectiveness Trials initiative website.
1 In parts, it builds on a previously published review on MIH management. 25 
Search strategy
The following search was adapted for each database:
(treatment OR management OR prevention) AND (molar incisor hypomineralisation OR molar incisor hypomineralization OR mih).
Searches were developed and run individually for Medline, Embase, Cochrane Central, Google Scholar, opengrey. eu as well as DRKS and Clinicaltrials. gov and cross references were performed without any language restrictions (online supplementary appendix 1). The search covered the period from 1 January 1980 to 3 April 2019 (figure 1).
Data collection
Inclusion criteria: we included all types of clinical studies (retrospective or prospective, controlled trials or cohort studies) in patients diagnosed with MIH. Note that studies conducted before 2001 on the condition will not have employed the term 'MIH', and may have been missed by our search. This, however, was accepted, as without a clear case definition, other conditions may have been captured by these studies too, without being able to separate conditions post hoc. Studies reported on prevention and/or management interventions for MIH teeth. There were no restrictions on setting, time of follow-up or patients' age. Case reports or case series with a sample size of <10 participants were excluded. No language restriction was set; studies in languages other than English, German or Arabic (if present) were translated by native speakers.
Selection process: two authors (FS, KE) screened titles independently and compared their findings. In case of disagreement, titles were included to obtain full texts. Full texts were assessed independently after de-duplication. In cases of disagreement, studies were included after consensus was reached through discussion. Data extraction: the following data were extracted duplicatively and independently by two authors (KE and FS) following calibration using a pilot database: ► Study details (author name, title, journal, year of publication); ► Study characteristics:
-Study setting (primary or secondary care); -Number and age of participants; -Study type (controlled or uncontrolled, prospective or retrospective); -Target condition (MIH lesions on molars, incisors or both); -Number of study arms; -Interventions compared; -Follow-up period; -Outcomes assessed, separated for primary and secondary outcome(s). An outcome was considered a primary outcome if it was stated as such, or where the report clearly focused on one outcome. If no primary outcome was identifiable or multiple outcomes were reported, these were considered secondary outcomes; -Outcome measures. ► Sample size estimation (yes/no); ► Trial registration (yes/no).
Data synthesis
A list of outcomes was compiled and outcomes with different verbatim terms but similar meanings gathered using a single agreed term. Outcomes were grouped within outcome categories; these were refined through group discussion before all outcomes were categorised using the final agreed terms. The final list of outcome categories comprised 11 items: restoration success, aesthetic improvement, pain and hypersensitivity management, mineral gain, space management, anaesthesia effectiveness, preventive success, efficiency, quality of life, gingival and periodontal health and patient satisfaction. The use of different outcome categories was analysed via descriptive statistics. Exemplary outcomes and outcome measures were allocated to one of these outcome categories by discussion and agreement of two authors (KE and FS). Where there was disagreement, a consensus was achieved through discussion with all authors.
A list of comparators was compiled and comparators were grouped into agreed categories. The granularity of these categories allowed to capture specific comparators (like 'glass ionomer cement restoration') while grouping similar comparators in the same category (eg, different cement brands). Comparator choice was analysed via SNA. In SNA, nodes (termed 'vertices') are formed by comparators and are connected by edges (comparisons made within [26] [27] [28] Statistical analysis was only performed for the main network in each subanalysis (molars; incisors). The Python package NetworkX was used.
Patient and public involvement
Patients were not involved in this study at this point but will be during the core outcomes definition.
rESultS

Included studies
The database search yielded 7979 records; 4106 remained after de-duplication. There were 100 potentially relevant articles and the full texts of all these 100 articles were located (100% retrieval rate); 35 met the inclusion criteria and were included (figure 1).
Characteristics of included trials
Of the 35 included studies, all (100%) were conducted in a secondary care setting (hospital or university). The total number of participants was 2124; per study, a mean of 60 (range 12-300) participants were included. Only children (mean age <12 years) were included in 33 included reports (94%). Only one (3%) study reported on adults (mean age 33 years). In two other publications (6%), it was not possible to determine the age of the participants. There were 10 (29%) one-arm studies, 18 (51%) two-arm Figure 3 Networks of comparisons made in molars. Different comparators (nodes) were compared directly with each other. The node diameter represents the number of studies involving this comparator. Moreover, the number of studies is added between brackets in each node, the thickness of the edge represents the number of direct comparisons between two comparators. Certain comparators were not connected to the main network. aPDT, low-intensity laser and photodynamic therapy; ART, atraumatic restorative treatment; ARR, atraumatic resin restoration; CPP-ACP, casein phosphopeptide-amorphous calcium phosphate; GIC, glass ionomer cement; HCl, hydrochloric acid; NaOCl, sodium hypochlorite; PMC, preformed metal crowns; SDF, silver diamine fluoride; SEA, self-etching adhesive; TEA, total-etch adhesive. studies, 3 (9%) three-arm studies and 4 (11%) multiarm studies. Further details on the included studies can be found in table 1.
Outcome choice
In total, 11 outcome categories were deduced from the included studies ( figure 2, table 2 ). The most frequent specific categories were 'restoration success' and 'pain/ discomfort/hypersensitivity', with 17 (49%) and 12 (34%) studies reporting them, respectively. The next most common were 'quality of life' and 'efficiency' (each five studies, 14%); 'aesthetic improvement' and 'preventive success' (four studies, 11%); 'mineral gain', 'space management' and 'anaesthesia effectiveness' (each three studies, 9%). The least common ones were 'patient satisfaction' and 'gingival and periodontal health' (each two studies, 6%). Outcome categories that have increased in use (from 2000-2009 to 2010-2018) included 'aesthetic improvement', 'mineral gain', 'efficiency', and 'gingival and periodontal health'.
Findings for molars
For molars, 10 outcome categories were identified from the included studies. Those were: 'restoration success' with a total of 17/28 studies reporting on it (15/17 as primary outcome and 2/17 as secondary outcome); 'pain/ discomfort/hypersensitivity' with a total of 12/28 studies reporting on it (4/12 as primary outcome and 8/11 as secondary outcome); 'quality of life' with a total of 5/28 studies reporting on it (2/5 as primary outcome and 3/5 as secondary outcome); 'efficiency' with a total of 5/28 studies reporting on it (1/5 as primary outcome and 4/5 as secondary outcome); 'preventive success' with a total of 4/28 studies reporting on it (3/4 as primary outcome and 1/4 as secondary outcome); 'anaesthesia effectiveness' with a total of 3/28 studies reporting on it (2/3 as primary outcome and 1/3 as secondary outcome); 'space management' with a total of 3/28 studies reporting on it (1/3 as primary outcome and 2/3 as secondary outcome); 'mineral gain' with a total of 2/28 studies reporting on it (all as primary outcome); 'gingival and periodontal health' with a total of 2/28 studies reporting on it (1/2 as primary outcome and 1/2 as secondary outcome); 'patient satisfaction' with a total of 2/28 studies reporting on it (all as secondary outcome).
Findings for incisors
For incisors, only four outcome categories were identified from the included studies. Those were: 'aesthetic improvement' with a total of 4/7 studies reporting on it (all as primary outcome); 'pain/discomfort/hypersensitivity' with a total of 1/7 study reporting on it (as primary outcome); 'quality of life' with a total of 1/7 study reporting on it (as primary outcome); 'mineral gain' with a total of 1/7 study reporting on it (as primary outcome). The node diameter represents the number of studies involving this comparator. Moreover, the number of studies is added between brackets in each node, the thickness of the edge the number of direct comparisons between two comparators. Certain comparators were not connected to the main network. CPP-ACP, casein phosphopeptide-amorphous calcium phosphate; HCl, hydrochloric acid.
COMPArAtOr ChOICE
Two separate analyses on comparator choice were performed; one for studies on molars and one on incisors. In both groups, a loosely connected main network and several further, unconnected networks or comparators were present, indicating poor connectivity between comparators (figures 3 and 4). Certain comparators were more frequently chosen than others.
In molars (figure 3), many studies compared different restorative strategies, for example, composite (with different brands also tested against each other), metal, ceramic or cement restorations. Further comparisons, non-connected to this main (restorative) network, involved caries preventive interventions, management of hypersensitivity and cavity preparation and condition techniques. The mean degree of the main, restorative network was 5.9, with a density of 0.49. The cluster coefficient (which ranges from 0-no clustering to 1-maximum clustering) was 0.76, indicating that there was significant clustering, with certain comparators being compared with each other (in 'cliques'), while other possible comparisons (against comparators outside of these cliques) not having been made.
In incisors (figure 4), a main network, comparing different remineralisation strategies, emerged, with two further networks and two further, non-connnected comparators on aesthetic management of MIH. The mean degree of the main (remineralisation) network was 5, with a density of 1.0. The cluster coefficient was 1.0, indicating that there were 'cliques' of comparators present, with comparators being mainly compared within and not across these cliques.
Primary outcome and sample size calculation Primary outcomes could be identified in all 35 (100%) reports (table 3) . Throughout all years (2000 to 2019), 'restoration success' was the most frequently assessed primary outcome (17/35). Information on sample size Open access Table 3 Primary and secondary outcomes reported in each study Open access calculation was provided in seven (20%) reports, all but one being published between 2016 and 2019. Of these seven reports, five (71%) related this calculation to the primary outcome.
trial registration reporting Only 10 (29%) of all articles reported a trial registration. 29 In the 
DISCuSSIOn
This systematic review assessed outcome and comparator choice in MIH intervention studies, and their change over time. We found that studies recorded a large range of outcomes, especially when considering the limited number of studies overall, and that the diversity of these outcomes is increasing. This is reassuring, and the findings of this review are helpful to develop a COS. We also found that despite the low number of studies available, a large range of different interventions was tested, which led to the occurrence of segregated networks. Resulting from this clustering and the fact that most interventions were not well compared against alternatives, the current body of evidence on MIH interventions is likely not robust.
The outcomes used in MIH intervention studies focused on two main areas: restoration success (measured via the USPHS criteria or similar tools) and pain/discomfort/hypersensitivity (measured via scales like the Visual Analogue Scale or the Schiff Cold Air Sensitivity Scale). Combined, these two areas accounted for the majority of primary and all reported outcomes. Both restoring MIH teeth and managing pain can be assumed to be the major difficulties dentists face when treating MIH. Research has shown that MIH-affected children receive and need more dental treatment compared with unaffected children. [30] [31] [32] [33] [34] [35] Also already restored MIH molars remain within short re-treatment cycles. 30 The porous nature of MIH enamel and the presence of posteruptive enamel breakdown leads to the presence of hypersensitivity and pain, which are often the patients' chief complaints and affect their quality of life. They also increase the risk of dental fear and anxiety. 15 36-38 Overall, the focus on how to best restore these teeth and alleviate pain seems justified.
Nevertheless, the use of other outcome categories like quality of life or efficiency appears to be growing, reflecting an ongoing shift to patient-centred care (and research) and the increasing relevance of health economics in today's resource-limited healthcare settings. We will, in the next stage of our COS development, suggest these outcomes to be included in the COS on MIH intervention studies, and will seek stakeholder consensus on their inclusion (or not).
We also investigated further outcome-related aspects in the included studies. For example, trial registration, one of the recommendations of the CONSORT statement, 39 40 was found in only 10 studies (and even very recent studies did not commonly report on this). While such registration may be seen as a prerogative of controlled trials, also single-arm prospective trials should clearly state what is to be investigated using which methods and tools in what population before commencing the study. This does not seem to be the case. Registration would help to reduce selective outcome reporting and could also assist in improving reporting standards (and general methodology) in MIH intervention studies.
Also, of the 35 reports, only 7 studies reported a sample size calculation, and of these, only 5 related this to the primary outcome. Again, while such calculations are mainly demanded for controlled prospective trials, researchers should have a rational basis for calculating the number of participants needed in any study (regardless of its design), be it to ascertain that differences between the interventions can be detected with a planned level of statistical confidence or be it to reduce statistical noise (allowing somewhat firm conclusions). Sample size calculation is a key recommendation in the CONSORT statement, published in 2001 40 and revised in 2010. 39 It was promising to find that, since this revision, more publications reported on a sample size calculation (while the overall number remained low).
Our network analysis found that most comparisons in MIH trials included few, favoured comparators; many possible comparisons were never made, and some comparators were not at all compared against alternatives. Moreover, and understandable, comparators focusing on specific indications (managing pain, restoring cavities, improving aesthetics) were connected within, not between these indications. Overall, the information emerging from such poorly connected networks with regard to the relative efficacy of the interventions (answering the question of which intervention is most suited for a specific therapeutic goal) is likely not robust. The small sample sizes in most studies further add to the limited robustness of the existing evidence. Overall, the relatively 'young' field of MIH research has so far not accrued sufficiently robust data, which allows strong recommendations for clinicians.
This study has a number of limitations. First, the effort to improve COS methodology is ongoing, and our review used only one of several available strategies suggested for COS developers. For example, it seems that to reach saturation on outcomes and outcome categories, it may not be necessary to search multiple databases, 41 while we did so, also as this review was an update of a previous one and we aimed to apply the same methodology. Second, developing outcome categories and assigning specific verbatim outcomes to these categories is challenging, 21 often as outcomes are either inter-related or composites, capturing different outcome categories. 42 While there is no acknowledged MIH outcome classification system, it Open access is clear that alternative classifications may have resulted in changes to the granularity and focus of the results. Third, researchers tend to publish multiple reports from the same clinical trial. 43 This can be necessary to report on the dataset at different time points or to report on multiple analyses. Data are then divided and spread across multiple publications, which makes linking or summarising these articles very difficult. We assume to have captured all articles given that the field is limited. Last, in order to limit selective outcome bias and in the attempt of including the most recent trials, registries were searched in our study, too. This, however, has its limitations, since there are often incomplete or unclear registrations, and we were only limitedly able to extract data.
COnCluSIOnS
Outcomes reported in interventional trials for the management and prevention of MIH focused on the performance of restorative materials or and the management of pain and hypersensitivity associated with MIH-affected teeth. Outcomes related to oral-health related quality of life and economics have grown in use and are likely to be important in the future. Patient-reported or patient-centred outcomes were rarely reported. COS development should include these and may supplement them with new outcomes, for example, on applicability. The high number of compared interventions tested in only a few studies and our SNA results implicate that current evidence may not be robust. 
